organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

5-Cyclopentyl-2-(4-fluorophenyl)-3- 
methylsulfinyl-1 -benzof uran 

Pil Ja Seo, a Hong Dae Choi, a Byeng Wha Son b and Uk 
Lee b * 

a Department of Chemistry, Dongeui University, San 24 Kaya-dong Busanjin-gu, 
Busan 614-714, Republic of Korea, and b Department of Chemistry, Pukyong 
National University, 599-1 Daeyeon 3-dong, Nam-gu, Busan 608-737, Republic of 
Korea 

Correspondence e-mail: uklee@pknu.ac.kr 

Received 1 0 August 201 1 ; accepted 5 September 201 1 

Key indicators: single-crystal X-ray study; T = 1 73 K; mean rj(C-C) = 0.004 A; 
disorder in main residue; R factor = 0.041; wR factor = 0.106; data-to-parameter 
ratio = 1 8.5. 



In the title compound, C 2 oH 19 F0 2 S, the cyclopentyl ring 
adopts an envelope conformation. The 4-fluorophenyl ring 
makes a dihedral angle of 27.10 (7)° with the mean plane of 
the benzofuran fragment. In the crystal, molecules are linked 
by weak intermolecular C— H- ■ O hydrogen bonds and C— 
H- ■ -7T interactions. In the cyclopentyl ring, one C atom is 
disordered over two orientations with site-occupancy factors 
of 0.617 (7) and 0.383 (7). 

Related literature 

For the pharmacological activity of benzofuran compounds, 
see: Aslam et al (2009); Galal et al. (2009); Khan et al. (2005). 
For natural products with benzofuran rings, see: Akgul & Anil 
(2003); Soekamto et al. (2003). For structural studies of related 
2-(4-nuorophenyl)-3-methylsulfmyl-l-benzofuran derivatives, 
see: Choi et al. (2010, 2011). 




Experimental 

Crystal data 
Q20H19FO2S 



Orthorhombic, Fddl 
a = 20.0254 (13) A 
b = 33.197 (2) A 
c = 10.0233 (7) A 
V = 6663.3 (8) A 3 

Data collection 

Bruker SMART APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.930, r m „ = 0.961 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.106 
5 = 1.06 
4136 reflections 
223 parameters 
96 restraints 



0.041 



Z= 16 

Mo Ka radiation 
jll = 0.21 mnT 1 
T = 173 K 

0.35 x 0.26 x 0.19 mm 



16962 measured reflections 
4136 independent reflections 
3915 reflections with I > 2a(l) 
R in , = 0.034 



H-atom parameters constrained 
A/w = 0.48 e A~ 3 
Ap mi „ = -0.37 e A~ 3 
Absolute structure: Flack (1983), 

1949 Friedel pairs 
Flack parameter: 0.15 (7) 



Table 1 

Hydrogen-bond geometry (A, °). 

Cg is the centroid of the C1/C2/C7/Q/C8 furan ring. 



D-H-A 


D-H 




D-A 


D-H-A 


C20-H20B- ■ 02' 


0.98 


2.29 


3.262 (3) 


169 


C16-H16-Cg' 


0.95 


2.53 


3.365 (3) 


146 


Symmetry code: (i) x — \, 


-y + \,z-\ 









Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 1998); 
software used to prepare material for publication: SHELXL97. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: GK2398). 
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Comment 

Many compounds containing a benzofuran ring system have attracted much interest owing to their valuable pharmacological 
properties such as antibacterial and antifungal, antitumor and antiviral, and antimicrobial activities (Aslam et al, 2009, 
Galal et al., 2009, Khan et al, 2005). These benzofuran derivatives occur in a wide range of natural products (Akgul & 
Anil, 2003; Soekamto et al, 2003). As a part of our ongoing study of the substituent effect on the solid state structures of 
2-(4-fluorophenyl)-3-methylsulfinyl-l -benzofuran analogues (Choi et al, 2010, 2011), we report herein the crystal structure 
of the title compound. 

The title compound crystallizes ins the non-centrosymmetric space group FAdl. The crystal studied was an inversion 
twin with a 0.85 (7) : 0. 15 (7) domain ratio. 

In the title molecule (Fig. 1), the benzofuran unit is essentially planar, with a mean deviation of 0.024 (2) A from the 
least-squares plane defined by the nine constituent atoms. The cyclopentyl ring is in the envelope form. In the cyclopentyl 
ring, the C 10 atom is disordered over two positions with site-occupancy factors, from refinement of 0.6 17 (7) (part A) and 
0.383 (7) (part B). The dihedral angle formed by the 4-fluorophenyl ring and the mean plane of the benzofuran fragment is 
27.10 (7)°. The crystal packing (Fig. 2) is stabilized by weak intermolecular C — H-0 hydrogen bonds between a methyl 

H atom and the O atom of the sulfinyl group (Table 1; C20 — H20B-O2 1 ). The crystal packing (Fig. 2) is further stabilized 

by intermolecular C — H--jt interactions between a 4-fluorophenyl H atom and the furan ring (Table 1; C16 — 1116—Cg 1 , Cg 
is the centroid of the C1/C2/C7/0 1/C8 furan ring). 

Experimental 

77% 3-chloroperoxybenzoic acid (224 mg, 1.0 mmol) was added in small portions to a stirred solution of 5-cyclopentyl-2- 
(4-fluorophenyl)-3-methylsulfanyl-l -benzofuran (293 mg, 0.9 mmol) in dichloromethane (30 mL) at 273 K. After being 
stirred at room temperature for 4h, the mixture was washed with saturated sodium bicarbonate solution and the organic layer 
was separated, dried over magnesium sulfate, filtered and concentrated at reduced pressure. The residue was purified by 
column chromatography (hexane-ethyl acetate, 1 :2 v/v) to afford the title compound as a colorless solid [yield 72%, m.p. 
419-420 K; Rf = 0.67 (hexane-ethyl acetate, 2:1 v/v)]. Single crystals suitable for X-ray diffraction were prepared by slow 
evaporation of a solution of the title compound in ethyl acetate at room temperature. 

Refinement 

The reported Flack parameter was obtained by TWIN/BASF procedure in SHELXL (Sheldrick, 2008). All H atoms were 
positioned geometrically and refined using a riding model, with C — H = 0.95 A for aryl, 1.00 A for methine, and 0.99 
A for methylene and methyl H atoms, respectively. J/i S0 (H) = 1.2{/ e q(C) for aryl, methine, methylene, and 1.5J/ e q(C) for 
methyl H atoms. One of the C atoms of the cyclopentyl ring is disordered over two positions with site occupancy factors, 
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from refinement of 0.617 (7) (part A) and 0.383 (7) (part B). The distances of equivalent C9— C10A and C9— C10B, and 
Cll— C10A and Cll— C10B pairs were restrained to 1.525 (3) A, 0.001 A and 0.001 A using command DFIX, SADI and 
DELU respectively, and displacement ellipsoids of C10 set were restrained to 0.01 using command ISOR. 



Figures 




Fig. 1. The molecular structure of the title compound with the atom numbering scheme. Dis- 
placement ellipsoids are drawn at the 50% probability level. H atoms are presented as small 
spheres of arbitrary radius. The C10 atom of the cyclopentyl ring is disordered over two pos- 
itions with site occupancy factors, from refinement of 0.617 (7 ) (part A) and 0.383 (7) (part 
B). 



Fig. 2. A view of the C — H - 0 and C — H—7I interactions (dotted lines) in the crystal structure 
of the title compound. [Symmetry codes: (i) x -1/4 , -y + 1/4 , z - 1/4; (ii) x - 1/4, - y + 1/4, z - 
1/4..] 



5-Cyclopentyl-2-(4-fluorophenyl)-3-methylsulfinyl-1-benzofuran 



Crystal data 
C20H19FO2S 
M,. = 342.41 

Orthorhombic, Fdd2 
Hall symbol: F 2 -2d 
a = 20.0254(13) A 
6 = 33.197 (2) A 
c= 10.0233 (7) A 

V= 6663.3 (8) A 3 
Z= 16 



^(000) = 2880 

D x = 1.365 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 6619 reflections 

6 = 2.4-27.7° 

|i = 0.21 mm 1 

T= 173 K 

Block, colourless 

0.35 x 0.26 x 0.19 mm 



Data collection 



Bruker SMART APEXII CCD 
diffractometer 

Radiation source: rotating anode 
graphite multilayer 

Detector resolution: 10.0 pixels mm" 1 
cp and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
T min = 0.930, T max = 0.961 
16962 measured reflections 



4136 independent reflections 

39 1 5 reflections with / > 2a(I) 
R int = 0.034 

Qmax = 28.3°, 6 m j n = 2.4° 
h = -26^23 

k = -44^42 

/ = —13^13 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.041 

wR(F 2 ) = 0.106 

5= 1.06 
4136 reflections 
223 parameters 
96 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: difference Fourier map 

H-atom parameters constrained 

w = V[a 2 (F 2 ) + (0.0576.P) 2 + 8.9505P] 

where P = (F D 2 + 2F 2 )/3 

(A/o) max < 0.001 

Ap ma x = 0.48eA- 3 

Ap m i„ = -0.37 e A~ 3 

Absolute structure: Flack (1983), 1949 Friedel pairs 
Flack parameter: 0.15 (7) 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or 





X 


y 


SI 


0.28603 (2) 


0.120706 (14) 


Fl 


0.22523 (7) 


0.07977 (4) 


Ol 


0.31307 (7) 


0.21374 (4) 


02 


0.33631 (8) 


0.11882 (5) 


CI 


0.29639 (10) 


0.16799(6) 


C2 


0.32275 (10) 


0.20417 (6) 


C3 


0.34184 (12) 


0.21599 (7) 


H3 


0.3357 


0.1984 


C4 


0.37027 (13) 


0.25424 (8) 


C5 


0.37902 (12) 


0.27952 (7) 


H5 


0.3988 


0.3052 


C6 


0.36010 (12) 


0.26866 (7) 


H6 


0.3658 


0.2862 


C7 


0.33230 (11) 


0.23083 (6) 


C8 


0.29208 (10) 


0.17501 (6) 


C9 


0.39134 (15) 


0.26922 (8) 


H9A 


0.4160 


0.2951 


H9B 


0.4273 


0.2883 



isotropic displacement parameters (A 2 ) 

z U iso */U eq Occ. (<1) 



0.30091 (12) 


0.02721 (11) 


-0.34573 (18) 


0.0441 (3) 


0.06022 (18) 


0.0312(3) 


0.4113 (2) 


0.0370 (4) 


0.2227 (2) 


0.0262 (4) 


0.2840 (2) 


0.0290 (4) 


0.4113 (2) 


0.0357 (5) 


0.4851 


0.043* 


0.4294 (3) 


0.0404 (5) 


0.3188 (3) 


0.0396 (5) 


0.3320 


0.048* 


0.1916(3) 


0.0374 (5) 


0.1175 


0.045* 


0.1784 (2) 


0.0305 (4) 


0.0893 (2) 


0.0274 (4) 


0.5643 (3) 


0.0533 (7) 


0.5521 


0.064* 


0.5361 


0.064* 



0.617 (7) 
0.383 (7) 
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Atomic displacement parameters (A 2 ) 
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U.UUlo ( /) 


A AAA1 (H\ 
— U.UUU1 ( /) 


A AA 1 H tn\ 

0.001 / (/) 


C15 


0.0275 (10) 


A A/1 AC /I 1\ 

0.0405 (11) 


a m*/: / 1 a\ 

0.0256 (10) 


-0.0026 (8) 


A AAIZZ ZO~\ 

0.0026 (8) 


A aaao /o^ 
-0.0002 (8) 


C16 


0.0300 (10) 


0.0366 (11) 


0.0348 (11) 


-0.0049 (8) 


-0.0005 (8) 


-0.0014(9) 


C17 


0.0287 (10) 


0.0396 (11) 


0.0271 (10) 


0.0032 (8) 


-0.0026 (8) 


-0.0040 (8) 


C18 


0.0359 (11) 


0.0436 (12) 


0.0253 (10) 


0.0000 (9) 


0.0018 (8) 


0.0016(9) 


C19 


0.0324(11) 


0.0368 (10) 


0.0284 (9) 


-0.0028 (8) 


0.0031 (8) 


0.0054 (8) 


C20 


0.0258 (10) 


0.0486 (12) 


0.0324(11) 


-0.0019(9) 


0.0010(8) 


0.0075 (9) 



Geometric parameters (A, °) 








SI— 02 


1.4973 (16) 


C10B— Cll 


1.5258 (14) 


SI— CI 


1.767 (2) 


CI 0B— H10C 


0.9900 


SI— C20 


1.789 (2) 


CI 0B— H10D 


0.9900 


Fl— C17 


1.354 (2) 


Cll— C12 


1.507 (5) 


Ol— C7 


1.369 (3) 


Cll— H11A 


0.9900 


Ol— C8 


1.384 (2) 


Cll— HUB 


0.9900 


CI— C8 


1.360 (3) 


Cll— H11C 


0.9900 


CI— C2 


1.449 (3) 


Cll— HI ID 


0.9900 


C2— C3 


1.388 (3) 


C12— C13 


1.527 (4) 


C2— C7 


1.393 (3) 


C12— H12A 


0.9900 


C3— C4 


1.403 (3) 


C12— H12B 


0.9900 


C3— H3 


0.9500 


C13— H13A 


0.9900 


C4— C5 


1.402 (4) 


C13— H13B 


0.9900 


C4— C9 


1.501 (4) 


C14— C15 


1.389 (3) 


C5— C6 


1.378 (4) 


C14— C19 


1.406 (3) 


C5— H5 


0.9500 


C15— C16 


1.384(3) 


C6— C7 


1.380 (3) 


C15— H15 


0.9500 


C6— H6 


0.9500 


C16— C17 


1.373 (3) 


C8— C14 


1.447 (3) 


C16— H16 


0.9500 


C9— C13 


1.469 (5) 


C17— C18 


1.376 (3) 


C9— CI 0B 


1.5249 (14) 


C18— C19 


1.384 (3) 


C9— ClOA 


1.5272 (14) 


C18— H18 


0.9500 


C9— H9A 


1.0000 


C19— H19 


0.9500 


C9— H9B 


1.0000 


C20— H20A 


0.9800 


ClOA— CI 1 


1.5266 (14) 


C20— H20B 


0.9800 


ClOA— H10A 


0.9900 


C20— H20C 


0.9800 


ClOA— HI 0B 


0.9900 






02— SI— CI 


106.63 (9) 


C12— Cll— ClOA 


103.6 (3) 


02— SI— C20 


106.03 (10) 


C12— Cll— H11A 


111.0 


CI— SI— C20 


97.93 (10) 


C10B— Cll— H11A 


82.5 


C7— Ol— C8 


106.75 (15) 


ClOA— Cll— H11A 


111.0 


C8— CI— C2 


107.34 (18) 


C12— Cll— HUB 


111.0 


C8— CI— SI 


125.54 (16) 


C10B— Cll— HUB 


131.4 


C2— CI— SI 


126.22 (16) 


ClOA— Cll— HUB 


111.0 
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f^i /""""") n 

C3 — Cz — C / 


| 1 O -7Q /I n\ 

1 lo. 15 (iy) 


c-i n 
C3 — Cz — C 1 


1 1H A /1\ 

13o.4 (z) 


p-7 p-> ni 

C / — Cz — C 1 


\ C\A 11 PI 0\ 

1U4. 15 (lo) 


p-> r~"-± r^A 

Cz — C3 — C4 


1 1 n 1 /i\ 

ny.i (Z) 


pi PQ TTQ 

Cz — C3 — hi 3 


1 in a 
lzU.4 


/~M / " 1 I I "J 

C4 — C3 — hi 3 


1 in a 
lzU.4 


PC f^A PQ 

CD — C4 — C3 


liy.3 (Z) 


PC P/1 PQ 

Cj — C4 — Cy 


no /- p>\ 

1 lo.o (z ) 


r*-i r^A r^ci 
C3 — C4 — Cy 


1 n n /i\ 
1ZZ.U (Z) 


p/ nr p a 

Co — Cj — C4 


1 11 1 /1\ 

Izz. / (z) 


p/ /-if iic 

Co — Cj — Hj 


1 1 O /C 

llo.o 


C4 — Cj — HJ 


1 lo.o 


PC p /: p*7 

CD — Co — C / 


||/T A /1\ 

1 lo.U (z) 


( ' Z f^/Z TT/Z 

Cj — Co — Ho 


1 n n 
1ZZ.U 


C / — Co — hlo 


1 t) n 

Izz.U 


( \ 1 p-7 p/- 

Ul — C/ — Co 


nr a Pl\ 

IZj.U (Z) 


p, i p~7 p ~> 
Ul — C/ — Cz 


11U.03 (1 /) 


p/ /-1-t r") 

Co — C / — Cz 


n/i i pi\ 
124.1 (z) 


z" 1 1 z" 1 o p, i 

CI — Co — Ul 


11 A 11 P1 0\ 

11U. 33 (lo) 


CI — Co — C14 


ill ni ( 1 n\ 

133. yz (iy) 


Ul — Co — C14 


|1f Tl / 1 *T\ 

11 J. /I (1 /) 


p i q pn /~M 

CI 3 — Cv — C4 


(Z) 


C 1 3 — Cv — C 1 UB 


1 nn a /">\ 

iuy.4 (Z) 


P/1 pn pinn 

C4 — CV — C 1 UB 


123.1 (3) 


C 1 3 — CV — C 1 U A 


no c\ (i\ 
yo.U (3) 


/~m r^n pi aa 
C4 — CV — C 1 UA 


iiz.y (Z) 


pi Q pn Tin A 

C 1 3 — CV — hlvA 


1 no i 
lUo.3 


/~m pn i in a 
C4 — Cy — hlVA 


1 no i 
lUo.3 


C 1 UB — CV — hiyA 


*70 

/o.o 


pi aa pn i m a 

c i u a — cy — riy A 


1 no i 
lUo.3 


pi i pn 1 1 n o 

ci 3 — cy — hiyB 


nn 1 

yy. i 


P/i pn ufiD 

C4 — cy — hiyts 


nn 1 

yy.i 


pi/ID pn UflD 

c i ub — cy — hiyh> 


nn 1 

yy.i 


pi a a pn i in i) 

c i ua — cy — hiyB 


no 7 
Izo. / 


pi i pi a a pp. 

ci i — ciua — cy 


1 r\A n 
1U4. / (Z) 


p 1 1 p| A A TJIAA 

Cll — C 1 U A — H 1 U A 


1 1 A O 

1 1U.0 


pn PIAA TT | A A 

cy — C 1 U A — hi 1 UA 


1 1 n o 
11U.0 


p 1 1 PIAA I I i no 

CI 1 — CIUA — H1UB 


1 1 n o 
11U.0 


pn piaa ui nr> 
Cy — C 1 U A — hi 1 UB 


1 1 n o 
1 1U.0 


U1 n A PIAA TT 1 nT3 

hllUA — CIUA — H1UB 


1 no n 

luo.y 


pn ( " 1 no p 1 1 
cy — C 1 UB — C 1 1 


i r\A o 
1U4.0 (Z) 


CQ P10R H10P 


1 1 ft R 
1 1 u.o 


Cll — ClOB — H10C 


110.8 


C9 — C 1 OB — H 1 OD 


110.8 


Cll— ClOB— H10D 


110.8 


H10C— ClOB— H10D 


108.9 


C12— Cll— ClOB 


107.6 (3) 


02— SI— CI— C8 


141.47(18) 


C20— SI— CI— C8 


-109.11 (19) 



TT11A pi | TT110 

H11A — Cll — HUB 


109.0 


PH P11 TT11/" 1 

Clz — Cll — H11C 


110.2 


( • i no pi i iii ip 
C1UB — Cll — rll 1C 


1 1U.2 


p| A A P11 III ip 

CIUA — Cll — hlllC 


1 1 C "7 


TT11D PI 1 in i pi 

HUB — Cll — H11C 


82.8 


p 1 1 p 1 1 iii irv 

C 1 Z — C 1 1 — H 1 1 D 


lino 


( • 1 no p 1 1 n ii n 
C1UB — Cll — HI ID 


i iu.z 


PI a a P11 ui i rv 

CIUA — Cll — H11L) 


64. V 


u 1 1 a pi i 1 1 1 i p, 
HI 1A — Cll — HI ID 


13U.1 


HI 1 pi P11 TT11 r\ 

H 1 1 C — C 1 1 — H 1 1 D 


108.5 


p 1 1 pii pn 

Cll — Clz — C13 


104.8 (2) 


p 1 1 p| 1 TJ11A 

Cll — Clz — HlzA 


11U.6 


pi") PI 1 TJ11A 

C13 — Clz — HlzA 


imp 


p 1 1 P11 T_J1lO 

Cll — Clz — HlzB 


lift o 
11U.6 


P 1 -> P11 T_J1lO 

C13 — Clz — HlzB 


lift Q 

11U.6 


TT 1 1 A Pn I I 1 ir> 

H 1 ZA — C 1 Z — H 1 ZB 


1U6.V 


pn pi 1 pn 
cy — C 1 3 — C 1 Z 


i fin i \ 
10/. 1 (i) 


pn pi 1 nn a 
Cy — C 1 3 — H 1 3 A 


1 1 A 1 
110.0 


p i 1 p 1 i nn a 

C 1 Z — C 1 3 — H 1 3 A 


1 1 A 1 


pn pi i TJ110 
Cy — C 1 3 — H 1 3B 


1 1 A 1 


P 1 1 P 1 1 I I | "213 

C 1 Z — C 1 3 — H 1 3 B 


1 1 A 1 


nn A p 1 1 II] ID 

H 1 3A — C 1 3 — H 1 3B 


1 ao /: 
1U6.0 


piic pi i a pin 

ci j — ci4 — ciy 


1 1 O "7A i 1 A\ 

iia./y (iy) 


p 1 C pi 1 A PO 

C 1 J — C 1 4 — Co 


121.2/ (16) 


p 1 n pi 1 a po 

c i y — c 1 4 — Co 


1 1 A A1 ( 1 0\ 

ny.yj (is) 


p|/ pk pi 1 A 

Clo — CI j — C14 


12U. / (2) 


pi/: pi r 1 1 1 C 

C 1 0 — C 1 j — H 1 j 


lift/; 


pi i a pi r 1 1 i r 

C 14 — C 1 j — H 1 j 


1 1 ft i 
iiy.o 


P 1 -7 p|/- piC 

C 1 / — C 1 o — C 1 j 


115.0 (2) 


p i -7 p i /- iii/; 
C 1 / — C 1 0 — H 1 0 


1 ->A "7 

12U. / 


pi r p i / iii/' 
C 1 j — C 1 o — H 1 o 


1 1A "7 
12U. / 


ui pn p i / 
h 1 — CI / — Clo 


1 1 O 1 

116.3 (2) 


T7 1 p i n p 1 Q 

r 1 — CI / — Clo 


i i o /; i /i o\ 
116.01 (l6j 


p i / pn pio 
Clo — CI / — Clo 


123.1 (2) 


p i -7 pio pin 

ci / — cio — ciy 


1 1 "7 A 

1 1 / .y (2) 


pn pio mo 
C 1 / — C 1 o — H 1 o 


ni i 
121.1 


Pin pio mo 

c i y — C 1 o — H 1 o 


m i 
121.1 


pio pin pi/i 

cio — ciy — ci4 


1 1 A A 

12U.y (2) 


pi o pm mn 

cio — ciy — Hiy 


iiy.s 


pi 1 a pm mn 

ci4 — ciy — Hiy 


11(1 r 

iiy.s 


SI— C20— H20A 


109.5 


SI— C20— H20B 


109.5 


H20A — C20 — H20B 


109.5 


SI C20 H20C 


109.5 


H20A— C20— H20C 


109.5 


H20B— C20— H20C 


109.5 


C5— C4— C9— C10A 


111.4 (3) 


C3— C4— C9— C10A 


-68.1 (4) 
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p.t c 1 p 1 pt 
U2 — o 1 — CI — C2 


-20.3 (2) 


C 1 3 — C9 — C 1 UA — C 1 1 




4j.o (4) 


c 1 p 1 pt 
C2U — M — CI — C2 


oi 1 i { i n\ 

03.13 (iy) 


C4 — cy — C 1 U A — C 1 1 




1 HI 1 /"]\ 

1 15.5 {5) 


po pi pt pi 
Co — C 1 — C2 — C3 


1 T/C 1 /"T\ 

— 1 /6.1 (2) 


{ • i r\r> pn pin* pi 1 

c i uB — cy — C 1 UA — C 1 1 




-by. I {5) 


CI pi pT pi 

b i — c i — C2 — Lj 


-6.5 (4) 


pn po pipit) r^ii 

c 1 3 — cy — c i ud — c 1 1 




-1.6 (8) 


po pi pt pt 
Co — C 1 — C2 — C / 


A 1 

0.1 (2) 


p/i pn p 1 no P11 

C4 — cy — C 1 Urs — C 1 1 




1 A O 1 (A \ 

145.3 (4) 


ci pi pT pT 

M — CI — Cz — C / 


loy.oo (1 j) 


piPiA pn pi no /^ii 
C 1 U A — Cy — C 1 Ur> — C 1 1 




oy.y {5 ) 


PT pt pi pi 

C / — Cz — C3 — C4 


-0.2 (3) 


Cy — ClUrS — Cll — C12 




lo. / \&) 


r^i r^T r^i r^/i 
C 1 — Cz — C 3 — C4 


1 / J.J (Z J 


cy — C 1 Ur> — C 1 1 — C 1 U A 




HC\ A ("V\ 

— /vj.v) {5 ) 


pt /""i p/i pc 
Cz — Co — C4 — C J 


-0.3 (4) 


pn pi/iA P11 pn 
cy — C 1 U A — C 1 1 — C 1 2 




lO 1 SA\ 

-32.1 (4) 


PT PI P/1 Pn 

Cz — C3 — C4 — cy 


1 *7A 1 

1 /y.3 (Z) 


pn pi/iA P11 pi no 
Cy — C 1 UA — C 1 1 — C 1 UB 




oy.o (3) 


pi p/i pc p/: 
C3 — C4 — CD — Co 


0.8 (4) 


p 1 no P11 pn pi i 
C1UB — Cll — C12 — CI 3 




— Zj.U (o) 


pn a pc p/; 

cy — C4 — cd — Co 


— 1 /o.o (Z) 


pn* pii pit pit 
C1UA — Cll — C12 — CI 3 




5.7 (4) 


p/i pc p/; pt 
C4 — CD — Co — C / 


-0.7 (4) 


p/i pn p 1 1 pit 

C4 — cy — C 1 3 — C 1 2 




] CA H (1 \ 

-lo4. / \5) 


po p.1 pt p/; 
Co — U 1 — C / — Co 


1 /o.l (Z) 


p 1 no pn p 1 1 pn 

c i ub — cy — C 1 3 — C 1 2 




1 1 A 

— 13. y (o) 


po p.1 pt pt 
Co — U 1 — C / — Cz 


-1.3 (2) 


pin* pn p 1 1 pn 

c i u a — cy — C 1 3 — C 1 2 




4Z . 3 (4) 


pc p/; f^n p.1 
CD — Co — C / — U 1 


—i /o.y (z) 


pii pit pit pn 

cii — ci2 — ci 3 — cy 




Z3.y (4) 


pc p/: pt pt 
CD — Co — C / — Cz 


0.2 (3) 


pi PO PI/1 P1C 

CI — Co — C14 — C15 




Zo.o (3) 


pi pt pt p.1 
CJ — Cz — C / — U 1 


1 HH HZ ( 1 A\ 

l / /. / j (ly) 


P.1 PO P 1 A PIC 

Ul — Co — C14 — C15 




1 ZA f\£ ( 1 A\ 

— 1j4.Uo (iy) 


r^i r^T r^"7 i~ii 
C 1 — Cz — C / — U 1 


U.o (Z J 


ci — Co — ci4 — ciy 




1 ^A 1 /0\ 

— IjU.1 \L) 


pi pt pt p/: 
CJ — Cz — C / — Co 


U.3 (3) 


p.1 po p 1 a pin 
Ul — Co — C14 — ciy 




Z /.3 (3) 


r^i r^T c^~i r^t* 
C 1 — Cz — C / — Co 


1 H£. 1 

— 1 /O. / \L) 


fMO t^^A fMC f^\C 

Ciy — C14 — C15 — C16 




1.3 (3) 


r^T r^i r^Q i~»i 
Cz — CI — Co — U 1 


-o.y (2) 


Co — C 1 h — C 1 5 — C 1 6 




_ 1 1 1 .5 (Z J 


ci p i po p.1 

M — CI — Co — Ul 


1 "7A (\ A\ 


pii pic pi/; pn 

C 14 C 1 5 — C 1 6 — C 1 / 




-1.2 (3) 


pt p 1 po p 1 a 
Cz — C 1 — Co — C 1 4 


1 /o.o (Z) 


pic pit pn i7i 
C 1 D — C 1 6 — C 1 / — r 1 




1 -7n o a 1 1 n\ 

—i /y.84 (iy) 


C 1 P 1 PO P 1 /I 

M — CI — Co — C14 


6.9 (3) 


P1C PU PIT PIO 

C 1 D — C 1 6 — C 1 / — C 1 0 




n /i ( a \ 
U.4 (4) 


CI— Ol— C8— CI 


1.4(2) 


Fl— C17— C18— C19 




-179.4(2) 


C7— Ol— C8— C14 


-176.61 (17) 


C16— C17— C18— C19 




0.4 (3) 


C5— C4— C9— C13 


-133.7 (3) 


C17— C18— C19— C14 




-0.3 (3) 


C3— C4— C9— C13 


46.8 (4) 


C15— C14— C19— C18 




-0.5 (3) 


C5— C4— C9— CI OB 


79.6 (6) 


C8 — C 1 4 — C 1 9 — C 1 8 




178.1 (2) 


C3— C4— C9— C10B 


-100.0 (6) 








Hydrogen-bond geometry (A, °) 










Cg is the centroid of the C1/C2/C7/0/C8 furan ring. 








D—H-A 


D — H 


H-A 


D-A 


D — H 


C20— H20B-O2' 


0.98 


2.29 


3.262 (3) 


169. 


C16— Hie-Cg* 


0.95 


2.53 


3.365 (3) 


146. 


Symmetry codes: (i) x-1/4, -y+1/4, z- 


-1/4. 
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